In Mobile ad hoc networks, the unstable transport layer and inhibited amount of traffic being carried out by the network is owing to the high packet loss rates and frequent topological changes. It is essential that least available bandwidth and end-to-end latency along with congestion around a link are integrated in a QoS-based routing metric for MANETs. In this paper we develop a QOS-based, Robust Multipath Routing (QRMR) protocol for mobile ad hoc networks to allot weights to individual links, depending on the metrics link quality, channel quality and end-to-end delay. The individual link weights are combined into a routing metric to validate the load balancing and interference between links using the same channel. Consequently, the traffic is balanced and the network capacity is improved as the weight value assists the routing protocol to evade routing traffic through congested area. Subsequently, the selection of the proportion of traffic to be routed to each neighbor is made to perform routing such that the weight of the node is a possible minimum. We illustrate the robustness of our protocol as it accomplishes increased packet delivery ratio with reduced latency, through simulation results.
1. Introduction
Quality of Service (QoS) in MANET
Ad hoc wireless network is a special case of wireless network devoid of predetermined backbone infrastructure. This feature of the wireless ad hoc networks makes it flexible and quickly deployable. Nevertheless, significant technological challenges are also posed by this property.
There are several challenges incorporating issues of efficient routing, medium access, power management, security and quality of service (QoS). As the nodes correspond over wireless links, all the nodes must combat against the extremely erratic character of wireless channels and intrusion from the additional transmitting nodes. These factors make it a challenging problem to exploit on data throughput even if the user-required QoS in wireless ad hoc networks is achieved.
Repeated route changes cause huge complications in implementing ad hoc networks owing to the mobility of the nodes and intrusion between nodes. The high packet loss rates and recurrent topological changes lead to unbalanced transport layer and constrained amount of traffic being carried out by the network. The three eminent problems in ad hoc networks are the lack of unswerving packet delivery due to the intrusion and movement of nodes, incomplete bandwidth owing to the channel limitations, and constrained node life span caused as an outcome of small battery size.
Problems of Adhoc Routing Protocols
(i) The extension of the life span of the network equality of access to the network is the common concern of the research work in QoS issues in wireless ad hoc network. Moreover, the problems in establishing connections among heterogeneous nodes are dealt. [2] , and DSR [3] and the network protocol stack receives these packets. In general, the utmost numbers of packets that can be held in the IFQ are limited and in addition a maximum timeout policy for packets in the IFQ is implemented by IFQ. Hence, devoid of any notification, any packet in anticipation of a route in the IFQ for an extensive period may well merely be discarded [4] . Hou and Tipper [5] state that the brim over of the IFQ of congested nodes is one of the key motives for the decline in throughput for congested networks running DSR. (iv) The communication Gray Zone problem is an important challenge encountered by the existing routing protocols [4] . The detection and establishment of end to end routes are performed in most of the routing protocols such as AODV by depending on the control (RREQ) packets. Nevertheless, these control packets and data packets have appreciably different properties. For instance, In comparison to data packets, RREQ packets are in general greatly smaller and are also transmitted at considerably lower bit rates. Nodes that are distant might be able to transmit and receive bidirectional RREQ packets, however high bit-rate data packets cannot be sent or received as a consequence of the above mentioned property. High control overhead for protocols such as AODV is acquired due to the consequent highly "fragile" link that triggers link repairs. (v) End-to-end delay estimation is a vital element of any QoS-enabled routing protocol. Current protocols determine the time taken to route RREQ and RREP packets along the specified path in order to estimate end-to-end delay. Nevertheless, RREQ and RREP packets are improbable to encounter the similar levels of traffic delay and loss like data packets as they are appreciably diverse from usual data packets.
We depend on the reality that communication is based on received power of the forwarding node, in order to be able to observe the movement of the node and that a route is about to break. As a result, the quality of the route can possibly be measured, based on which, whether the link is about to break can be guessed. It is anticipated that a smaller endto-end delay and a larger throughput to a host will be possible by employing a QOS aware multipath route discovery with proactive fault tolerant routing.
In this paper, we develop a QOS-based, Robust Multipath Routing (QRMR) protocol intended for mobile ad hoc networks. In this paper, we will employ the facility to determine multiple routes to a host and switch between them to expand the definition of AOMDV [6] .Enabling a QoS constrained route from source to destination is the objective of the routing protocol. The route chosen by the protocol must send packets with minimum bandwidth and end-to-end latency, in particular. The protocol should satisfy the above constraints and also select the most robust among all possible candidate routes.
System Design and Protocol Overview
We devise the model by considering a mobile ad hoc network in which each node utilizes IEEE 802.11 DCF for medium access control (MAC). At the application layer, merely intra-flow interference occurring for the packets of the same flow transmitted on different wireless links has been considered as a single data flow has been presumed.
We put forward a QOS based multipath routing protocol intended for mobile ad hoc networks. In this paper, we will employ the facility to determine multiple routes to a host and switch between them to expand the definition of AOMDV [6] .
Enabling a QoS constrained route from source to destination is the objective of the routing protocol. The route chosen by the protocol must send packets with minimum bandwidth and end-to-end latency, without facing congestion. The protocol should satisfy the above constraints and also select the most robust among all possible candidate routes.
A QoS-based routing metric for MANETs should incorporate minimum available bandwidth and end-to-end latency along with congestion around a link. Congestion is related to channel quality, which depends on the MAC access contention and channel reliability. So our algorithm should rely on the following metrics to allocate weights to individual links.
End-to-End Delay Channel Quality Link Quality
The individual link weights are combined into a routing metric to validate the load balancing and interference between links using the same channel. Consequently, the traffic is balanced and the network capacity is improved as the weight value assists the routing protocol to evade routing traffic through congested area. Subsequently, the selection of the proportion of traffic to be routed to each neighbor is made to perform routing such that the weight of the node is a possible minimum. (1) The estimated link quality is maintained by each node in its NT. The average link quality of all the links across the path P, gives the route quality Rq of the path. RREQ packets of the reverse path and RREP packets of the forward path , accumulate the estimated Lq values.
Estimating QoS-Based Routing Metrics

Estimating End to End Delay
There is a significant variation between the end-toend delay reported by RREQ-RREP measurements and the delay experienced by actual data packets. We address this issue by introducing a DUMMY-RREP phase during route discovery. The source saves the RREP packets it receives in a RREP TABLE and then acquires the RREP for a route from this table to send a stream of DUMMY data packets along the path traversed by this RREP. DUMMY packets efficiently imitate real data packets on a particular path owing to the same size, priority and data rate as real data packets. H is the hop count reported by the RREP. The number of packets comprised in every stream is 2H. The destination computes the average delay avg D of all DUMMY packets received, which is sent through a RREP to the source. The source selects this route and sends data packets only when the average delay reported by this RREP is inside the bound requested by the application. The source performs a linear back-off and sends the DUMMY stream on a different route selected from its RREP TABLE when the delay exceeds the required limit.
Estimating Channel Quality
The channel quality can be represented by both the channel occupancy and channel reliability.
Channel Occupation
In this network, we consider IEEE 802.11 MAC with the distributed coordination function (DCF). It has the packet sequence as request-to-send (RTS), clear-to-send (CTS), data, acknowledge (ACK). The amount of time between the receipt of one packet and the transmission of the next is called a short inter frame space (SIFS). Then the channel occupation due to MAC contention will be Therefore, in the design of a congestion-aware metric for networks, the access contention should be considered to more accurately indicate channel capacity.
Channel Reliability
The channel reliability also affects the packet transmission in MANETs and factors such as interference and fading in the channel may lead to occurrence of packet losses. In 802.11 DCF, several failed retransmissions lead to packets being dropped. In addition to performance deterioration due to congestion with respect to packet losses, higher packet retransmissions involved owing to augmented packet losses lead to more congestion. A successful transmission of a packet on an unreliable links would consume more time on MAC overhead.
QoS Based Robust Multipath Routing Protocol
For establishing multiple disjoint paths, we adapt the idea from the Adhoc On-Demand Multipath Distance Vector Routing (AOMDV) [6] . The multiple paths are computed during the route discovery.
We now introduce the weight metric W which assigns a cost to each link in the network. On receiving the RREP from all the routes, the source selects the route with minimum cost value.
Simulation Results
Simulation Model and Parameters
We use NS2 to simulate our proposed protocol In our simulation, the channel capacity of mobile hosts is set to the same value: 2 Mbps. We use the distributed coordination function (DCF) of IEEE 802.11 for wireless LANs as the MAC layer protocol. It has the functionality to notify the network layer about link breakage.
In our simulation, mobile nodes of sizes 25,50,75 and 100 move in a 1000 meter x 1000 meter rectangular region for 100 seconds simulation time. We assume each node moves independently with the same average speed. All nodes have the same transmission range of 250 meters. In our simulation, the minimal speed is 5 m/s and maximal speed is 20 m/s. The simulated traffic is Constant Bit Rate (CBR).
Our simulation settings and parameters are summarized in 
Performance Metrics
We compare our QRMR protocol with the AOMDV [6] protocol. We evaluate mainly the performance according to the following metrics, by varying the nodes as 25,50,75 and 100.
Control overhead:
The control overhead is defined as the total number of routing control packets normalized by the total number of received data packets.
Average end-to-end delay: The end-to-end-delay is averaged over all surviving data packets from the sources to the destinations.
Average Packet Delivery Ratio:
It is the ratio of the No.of packets received successfully and the total no. of packets sent
Results
A. Varying No. Of Nodes
In the first experiment, we measure the performance of the protocols by varying the no. of nodes as 25,50,75 and 100.
From Figure 1 , we can see that the packet delivery ratio for QRMR increases, when compared to AOMDV, since it utilizes robust links.
From Figure 2 , we can see that the average end-toend delay of the proposed QRMR protocol is less when compared to the AOMDV protocol. 
B. Varying the Transmission Rate
In the second experiment, we measure the performance of the protocols by varying the transmission rate as 250,500,750 and 1000 Kb.
From Figure 4 , we can see that the packet delivery ratio for QRMR is more, when compared to AOMDV, since it utilizes robust links.
From Figure 5 , we can see that the average end-toend delay of the proposed QRMR protocol is less when compared to AOMDV. 
Conclusion
It is essential that least available bandwidth and end-to-end latency along with congestion around a link are integrated in a QoS-based routing metric for MANETs. MAC access contention and channel reliability influences congestion which is related to channel quality. In this paper, we have devised a QOS-based, Robust Multipath Routing (QRMR) protocol intended for mobile ad hoc networks. It allocates weights to individual links on the basis of the metrics link quality, channel quality and end-to-end delay. The traffic is balanced and the network capacity is improved as the weight value assists the routing protocol to evade routing traffic through congested area. Subsequently, the selection of the proportion of traffic to be routed to each neighbor is made to perform routing such that the node weight is a possible minimum. We have illustrated the robustness of our protocol as it accomplishes increased packet delivery ratio with reduced latency, through simulation results. Comparison of our proposed protocol with some more exiting protocols will be our future work.
